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METHOD AND DEVICE FOR
DETERMINING WHETHER A
CONFIGURATION OF AN OPTICAL
TRANSMISSION INTERFACE HAS TO BE
ADJUSTED AND THE CONFIGURING
THEREOFK

The present invention generally relates to optical net-
works and more particularly to configuring the carrier wave-
length to be used by a first device to communicate with a
second device, when an optical band-pass filter 1s present on
the path from the first device to the second device.

Optical networks, and more particularly passive optical
networks, are increasingly used to give network access to
residential or oflice gateways or to ensure mobile backhaul-
ing for instance.

In an attempt to increase the number of users to be served
by one access system to the network, wavelength or fre-
quency division multiplexing technologies have been devel-
oped. These technologies take advantage of multiplexing
several optical signals using diflerent carrier wavelengths or
frequencies on a single optical fiber. Even though some user
terminals may share the same carrier wavelength or fre-
quency, a wavelength or frequency splitter 1s typically used
to separate the different wavelengths, or frequencies, in
order to increase the number of simultaneous optical trans-
missions. The wavelength or frequency splitter 1s typically
placed between the user terminals and a terminal providing
access to the rest of the network. For instance this latter
terminal provides access to a core or metropolitan network.
Different techniques can be used to achieve the wavelength
or Irequency splitting. We can cite thin films based systems,
interference cavities as AWG (Array Wavelength Gratings)
and FBG (Fiber Bragg Gratings).

The wavelength or frequency splitter then comprises
several optical band-pass filters, for each direction of com-
munications. It 1s used to filter and combine optical signals
issued by the user terminals toward the terminal giving
access to the core or metropolitan network. In the other
direction, it 1s used to filter and spectrally split the optical
signals 1ssued by the terminal giving access to the core or
metropolitan network.

The difliculty 1n such an arrangement is to configure the
transmission interfaces of the terminals. Indeed, these trans-
mission interfaces shall be configured so that the carrier
wavelengths, or frequencies, effectively used substantially
match the eflective passband of the respective optical band-
pass lilters with which they are associated.

It 1s known that such wavelength or frequency splitters are
used 1n a temperature-controlled environment. This allows
insuring the stability of the passband of the optical band-
pass filters. Otherwise, the passband would vary as a func-
tion of the temperature, especially the value of the nominal
wavelength or frequency. This known technique however
requires that the wavelength or frequency splitters be pow-
ered, or to be placed mm an environment in which the
temperature 1s controlled (e.g. air conditioned place) or 1n an
athermanous (also referred to as athermal) package. For
flexibility 1n the network deployment, cost and maintenance
considerations, i1t 1s desirable to get rid of this constraint,
which means that the nominal wavelength or frequency of
the frequency splitter 1s a priori unknown.

It can 1n addition be noticed that the terminals are also
subject to similar variations of their transmission configu-
rations, as a function of the temperature, when they are not
in such temperature-controlled environments.
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It can 1n addition be noticed that the terminals may also
not be aware of the carrier wavelengths eflectively used for
given configurations of their respective transmission inter-
faces. Indeed, each terminal uses a set of configuration
parameters that may not be indicative of the carrier wave-
length effectively used. Moditying this set of configuration
parameters involves modilying the carrier wavelength, but
with no 1indication of the effective value of the carrier
wavelength.

It 1s desirable to overcome the atorementioned problems
which occur 1n optical networks. In particular, 1t 1s desirable
to provide a solution that allows configuring the optical
transmission interfaces of devices communicating via an
optical band-pass filter for which the effective passband 1s a
prior1 unknown. It 1s also desirable to provide a solution that
allows configuring the optical transmission interfaces of
devices communicating via an optical band-pass filter for
which the effective carrier wavelength 1s temperature depen-
dent and/or the eflective passband 1s temperature dependent,
although the width of the passband may not be temperature
dependent.

It 1s also desirable to provide a solution that allows
configuring the optical transmission interfaces of devices,
communicating via an optical band-pass filter, for which the
ellective carrier wavelengths for given respective configu-
rations are temperature dependent.

It 1s furthermore desirable to provide a solution that
allows detecting a detuning of the optical transmission
interfaces of devices communicating via an optical bandpass
filter of flat-top type compared to the eflective passband of
the optical band-pass filter, and more particularly compared
to the nominal wavelength of the optical bandpass filter.

It 1s furthermore desirable to provide an efficient and
cost-eflective solution to the aforementioned problems.

To that end, the present mnvention concerns a monitoring,
method for determining whether a configuration of an opti-
cal transmission 1nterface of a first device has to be adjusted
for transmitting optical signals to a second device via an
optical band-pass filter, the second device having an optical
reception interface configured to enable recerving optical
signals output by said optical band-pass filter and transmit-
ted by the first device on a carrier wavelength when said
carrier wavelength 1s comprised in the passband of the
optical band-pass filter, said carrier wavelength and/or said
passband of the optical band-pass filter being a priori
unknown. The monitoring method 1s such that a monitoring
device performs: monitoring an evolution of a difference
level between codewords received by the second device via
said optical signals and corresponding codewords transmit-
ted by the first device; and determining whether the con-
figuration of the optical transmission interface of the first
device has to be adjusted, on the basis of said monitoring.

Thus, although the carrier wavelength and/or the pass-
band of the optical bandpass filter 1s a priori unknown, it 1s
therefore possible to ensure that the carrier wavelength
matches the passband of the optical band-pass filter, thanks
to the monitoring of the evolution of the difference level
between the codewords received by the second device and
the corresponding codewords transmitted by the first device.
Detecting of a detuning of the optical transmission 1nterface
of the first device 1s therefore enabled by an analysis of the
evolution of said difference level.

According to a particular feature, the monitoring device
performs: detecting discontinuities in the evolution of the
difference level between said codewords received by the
second device and said corresponding codewords transmit-
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ted by the first device; extracting a continuous and mono-
tonic evolution of said difference level by removing said
discontinuities.

Thus, only the contribution of the temperature change,
either at the first device or at the optical band-pass filter, 1s
considered. The impact of impairments on the transmitted
codewords, which 1s not relating to whether the carrier
wavelength matches the passband of the optical band-pass
filter, 1s thus not considered for adjusting the carrier wave-
length.

According to a particular feature, the monitoring device
performs: obtaming a first difference level between first
codewords received by the second device and corresponding
first codewords transmitted by the first device; obtaining a
second difference level between second codewords received
by the second device and corresponding second codewords
transmitted by the first device; and detecting one said
discontinuity when a difference between said first diflerence

level and said second difference level 1s greater than a first
threshold.

Thus, detecting said discontinuities 1s easy to implement
and at low cost.

According to a particular feature, said first and second
difference levels respectively correspond to plural difference
levels, between codewords received by the second device
and corresponding codewords transmitted by the first
device, mtegrated over an integration period.

Thus, artefacts due to measurements for determining the
difference levels are smoothed, which 1s consistent with the
slow vanations of temperature compared to the reactivity of
the momtoring process. Moreover, integrating allows
decreasing processing resources consumption.

According to a particular feature, the first and second
devices implementing a forward error correction scheme, a
refreshing period separating the obtaining of said first dif-
terence level and the obtaining of said second diflerence
level, the monitoring device temporarily reduces said
refreshing period, when a difference between the second
difference level and a decoding limit, which corresponds to
the maximum difference level beyond which the second
device 1s unable to recover codewords as transmitted by the
first device according to the forward error correction
scheme, 1s below than a second threshold.

Thus, the reactivity for adjusting the optical transmission
interface of the first device 1s increased when needed and the
power consumption 1s reduced the rest of the time.

According to a particular feature, the monitoring device
performs: determining an accumulated amount of variation
of the diflerence level; and, determining detuning informa-
tion representative of a mismatch between the carrier wave-
length and the passband of the optical band-pass filter, on the
basis of said accumulated amount of variation and of a list
of correspondence between detuning information and
respective accumulated amounts of variation of the differ-
ence level.

Thus, i1t allows having an instant view of the actual
detuning between the carrier wavelength and the passband
of the optical band-pass filter, especially when the carrier
wavelength 1s currently under retuning.

According to a particular feature, the monitoring device
determines beforehand said list of correspondence between
detuning mmformation and respective accumulated amounts
of variation of the difference level by analysing signal
temporal shapes of codeword symbols received by the
second device from the first device via the optical band-pass
filter.
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The vaniation of the temporal shape of the signal for one
symbol 1s representative of a variation of group delay, or
phase delay also referred to as phase shift, in the transmis-
s1on of the optical signals via the optical band-pass filter due
to a misalignment of the carrier wavelength with the nomai-
nal frequency of the optical band-pass filter. The group delay
1s an indication of the time delay of the amplitude envelope
of the sinusoidal components of the symbol through the
optical band-pass filter, and 1s a function of frequency for
cach component. Phase delay 1s a similar indication for the
time delay of the phase of each sinusoidal component. Thus,
by obtaining the information representative of the signal
temporal shape for one symbol, the monitoring device 1s
able to determine a wavelength detuning magnitude, even
when an optical pass-band filter of flat-top type 1s used
between the first device and the second device.

According to a particular feature, the monitoring device
compares said signal temporal shapes with information
representative of a set of predefined signal temporal shapes.

Thus, the list of correspondence between detuning infor-
mation and respective accumulated amounts of variation of
the difference level can be easily determined.

According to a particular feature, the monitoring device
determines beforehand said list of correspondence between
detuning immformation and respective accumulated amounts
of variation of the diflerence level by: obtaining information
representative of signal strength measurements for code-
words received by the second device from the first device via
the optical band-pass filter, for various carrier wavelengths;
obtaining information representative of the difference level
between said codewords and expected codewords; trying to
match a predefined attenuation model of the optical band-
pass lilter onto the signal strength measurements; and,
determining the list of correspondence between detuning
information and respective accumulated amounts of varia-
tion of the difference level, on the basis of the matched
predefined attenuation model and the obtained difference
level between said codewords and expected codewords.

Thus, the list of correspondence between detuning infor-
mation and respective accumulated amounts of variation of
the difference level can be easily determined. This approach
1s less complex by less accurate than the aforementioned
approach based on signal temporal shape.

According to a particular feature, said difference level
corresponds to a bit error rate or to an Euclidian distance
between said codewords received by the second device and
said corresponding codewords transmitted by the first
device.

According to a particular feature, the first and second
devices implementing a forward error correction scheme,
the second device determines said difference level when
decoding said received codewords according to said forward
error correction scheme.

Thus, determining said difference level 1s easy to imple-
ment and at low cost.

The present invention also concerns a configuring method
for configuring an optical transmission intertace of a first
device for transmitting optical signals to a second device via
an optical band-pass filter, the second device having an
optical reception interface configured to enable receiving
optical signals output by said optical band-pass filter and
transmitted by the first device on a carrier wavelength when
said carrier wavelength 1s comprised 1n the passband of the
optical band-pass filter, said carrier wavelength and/or said
passband of the optical band-pass filter being a priori
unknown. The method 1s such that a monitoring device
performs the aforementioned monitoring method.
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The present invention also concerns a monitoring device
for determining whether a configuration of an optical trans-
mission interface of a first device has to be adjusted for
transmitting optical signals to a second device via an optical
band-pass filter, the second device having an optical recep-
tion interface configured to enable recerving optical signals
output by said optical band-pass filter and transmitted by the
first device on a carrier wavelength when said carrier wave-
length 1s comprised 1n the passband of the optical band-pass
filter, said carrier wavelength and/or said passband of the
optical band-pass filter being a prior1 unknown. The moni-
toring device 1s such that said monitoring device comprises:
means for monitoring an evolution of a difference level
between codewords received by the second device via said
optical signals and corresponding codewords transmitted by
the first device; and means for determining whether the
configuration of the optical transmission interface of the first
device has to be adjusted, on the basis of said monitoring.

The present invention also concerns a configuring device
for configuring an optical transmission intertace of a first
device for transmitting optical signals to a second device via
an optical band-pass filter, the second device having an
optical reception interface configured to enable receiving
optical signals output by said optical band-pass filter and
transmitted by the first device on a carrier wavelength when
said carrier wavelength 1s comprised 1n the passband of the
optical band-pass filter, said carrier wavelength and/or said
passband of the optical band-pass filter being a priori
unknown. The configuring device 1s such that said config-
uring device includes the aforementioned monitoring
device.

The present invention also concerns a computer program

that can be downloaded from a communication network
and/or stored on a medium that can be read by a computer
and run by a processor. This computer program comprises
instructions for implementing the aforementioned methods
in any one of their various embodiments, when said program
1s run by the processor. The present invention also concerns
an 1nformation storage means, storing such a computer
program.

The characteristics of the invention will emerge more
clearly from a reading of the following description of an
example of embodiment, said description being produced
with reference to the accompanying drawings, among
which:

FIG. 1 schematically represents an architecture of a
passive optical network 1mn which the present invention may
be implemented;

FI1G. 2 schematically represents a signal attenuation of an
optical band-pass filter of the passive optical network;

FIG. 3 schematically represents an architecture of an
optical communication device of the passive optical net-
work;

FIG. 4 schematically represents a hardware platform of
the optical communication device;

FIG. 5 schematically represents an algorithm for deter-
miming whether a configuration of an optical transmission
interface of an optical communication device has to be
adjusted due to a temperature change;

FIG. 6 schematically represents an algorithm for process-
ing information representative of a difference level between
expected codewords and eflectively recerved codewords;

FI1G. 7 schematically represents an algorithm for perform-
ing bit distance analysis;

FIG. 8 schematically represents an algorithm for adjusting,
a refreshing time period used for triggering a new processing
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of the information representative of the difference level
between the expected codewords and the eflectively
received codewords;

FIG. 9 schematically represents an algorithm for instruct-
ing the optical communication device to adjust the configu-
ration of said optical transmission interface;

FIG. 10 schematically represents signal temporal shapes
corresponding to an impulse response of the optical band-
pass lilter;

FIG. 11 schematically represents a first algorithm for
determining correspondence information between wave-
length detuning information and the diflerence level
between expected codewords and effectively received code-
words:;

FIG. 12 schematically represents a second algorithm for
determining correspondence information between wave-
length detuning information and the diflerence level
between expected codewords and eflectively received code-
words;

FIG. 13A schematically represents a result of a wave-
length scanning operation;

FIG. 13B schematically represents the result of a wave-
length scanning operation, compared to a predefined attenu-
ation model of the optical band-pass filter.

The invention 1s detailed hereafter in the context of a
passive optical network. It has to be however understood
that the present invention 1s not limited to such a context,
and may be implemented 1n the general scope of a trans-
mission of optical signals from a first optical communication
device to a second optical communication device via an
optical band-pass filter.

It has to be noticed that, since wavelength and frequency
are tied together through a direct inverse relationship, these
two terms are indiflerently used by the one skilled 1n the art,
as they refer to the same concept.

FIG. 1 schematically represents an architecture of a
passive optical network 100 in which the present invention
may be implemented. The passive optical network 100
comprises a master device 110, a plurality of slave devices
141, 142, 143, and a spectral splitter device 120. The slave
devices 141, 142, 143 are interconnected with the master
device 110 wvia the spectral splitter device 120. Power
splitters, as described hereafter, may be placed between the
slave devices and the spectral filter device 120 1n order to
increase the number of slave devices that can be 1ntercon-
nected with the master device 110. All the interconnections
of the passive optical network 100 are performed by using
optical fiber.

In the context of the passive optical network 100, the
slave devices 141, 142, 143 are of ONU (Optical Network
Units) type. ONUSs are typically intended to be located at the
end-user household. In the context of the passive optical
network 100, the master device 110 1s of OLT (Optical Line
Terminal) type. It enables ONUs to access a core or metro-
politan network (not shown).

The slave devices 141, 142, 143 may be connected to the
spectral splitter device 120 via a power splitter device 132.
The power splitter device 132 1s a passive splitter that
separates the input signal, in the downlink direction, 1nto a
plurality of corresponding signals which power 1s divided by
the number of links towards the slave devices 141, 142, 143.
The signals output by the power splitter device 132, on each
link 1n the downlink direction, contain the same information
as the mput signal, the power splitter device 132 having only
impact on the power of the signals.

Other slave devices may be connected to the spectral
splitter device 120 via power splitter devices 131, 133. Each
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power splitter device 131, 132, 133, and the slave devices
connected to, form a network of PON (Passive Optical
Network) type with the OLT. The PONs operate on respec-
tive wavelength bands, as filtered by the spectral splitter
device 120. To achieve this, the spectral splitter device 120
comprises a pair ol optical band-pass filters for each PON,
aiming at filtering respective wavelength bands, and thus
enabling the spectral splitter device 120 to perform WDM
(Wavelength Division Multiplexing).

Therefore, as shown on FIG. 1, the spectral splitter device
120 comprises optical band-pass filters 121 and 122 dedi-
cated to the transmissions over the PON of the power splitter
device 132 and 1ts associated slave devices 141, 142, 143.
The first filter 122, called heremafter uplink filter, 1s 1n

charge of filtering the optical signals 1n the uplink direction,

1.e. from the slave devices 141, 142, 143 to the master device
110. The second filter 121, called hereinafter downlink filter,

1s 1n charge of filtering the optical signals in the downlink

direction, 1.e. from the master device 110 to the slave devices
141, 142, 143. Each filter 121, 122 1s an optical band-pass

filter defined by a nominal wavelength, also referred to as
centre wavelength, as well as a bandwidth or passband.

For a considered uplink or downlink direction, all the
filters of the spectral splitter device 120 have preferably the
same bandwidth value and are preferably spaced by a fixed
spectral distance. However, the nominal wavelengths of the
filters, and therefore the etffective passband of the filters, are
a prior1 unknown. The spectral splitter device 120 being
preferably passive, the nominal wavelengths of the filters,
and therefore the eflective passband of the filters, may vary
as a function of the temperature of the spectral splitter device
120. Typically, for a temperature 1n a range from —40° C. to
80° C., the nominal wavelength, and therefore the effective
passband, may vary by +0.6 nm for silica-based optical
filters, which corresponds to a frequency shift over a fre-
quency band of approximately 200 GHz.

In addition, for the same reasons, the eflective carrier
wavelength corresponding to a given configuration of the
optical transmission interface of either a slave device 141,
142, 143 or the master device 110 may not be known.

Therefore, the slave devices 141, 142, 143 need to be
configured for transmitting optical signals in the uplink
direction on carrier frequencies that are 1n the bandwidth or
passband of the uplink filter 122. In addition, the master
device 110 needs to be configured for transmitting optical
signals 1n the downlink direction on a carrier frequency that
1s 1n the bandwidth or passband of the downlink filter 121.

In order to determine whether a configuration of an
optical transmission interface of a first device has to be
adjusted for transmitting an optical signal to a second device
via an optical band-pass filter, the second device having an
optical reception interface configured to enable receiving
optical signals output by said optical band-pass filter and
transmitted by the first device on a carrier wavelength when
said carrier wavelength 1s comprised 1n the passband of the
optical band-pass filter, the carner wavelength and/or the
passband of the optical band-pass filter being a priori
unknown, it 1s proposed that a monitoring device monitors
an evolution of a difference level between codewords
received by the second device via said optical signals and
corresponding codewords transmitted by the first device,
and determines whether the configuration of the optical
transmission interface of the first device has to be adjusted,
on the basis of said monitoring operation.

The monitoring device may be implemented 1n the second
device, which recerves the optical signals. In this case, the
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second device instructs the first device to reconfigure its
optical transmission interface, on the basis of said monitor-
ing operation.

The monitoring device may, 1n a variant, be implemented
in the first device, which transmits the optical signals. In this
case, the second device provides the first device with 1nfor-
mation representative of a difference level Adec between
expected codewords and codewords as eflectively received
by the second device, and the first device determines accord-
ingly whether 1ts optical transmission interface has to be
adjusted and performs the adjustment whenever necessary.

The monitoring device may in another variant be 1mple-
mented 1n a third device, connected to the first device and
second device. In this case, the second device provides the
third device with information representative of a difference
level Adec between expected codewords and codewords as
cllectively received by the second device, and the third
device determines accordingly whether the optical transmis-
sion interface of the first device has to be adjusted and
instructs the first device to reconfigure 1ts optical transmis-
sion 1nterface.

In the context of the passive optical network 100, the
monitoring device may be implemented 1n the master device
110 for monitoring downlink and uplink optical transmis-
sions. In yet another variant, the monitoring device may be
implemented in the slave devices 141, 142, 143 for moni-
toring downlink and uplink optical transmissions.

FIG. 2 schematically represents a signal attenuation (de-
noted a on FIG. 2) of an optical band-pass filter of the
passive optical network. Frequency 1s represented as
abscissa (horizontal axis) and transmittance (denoted T on
FIG. 2) 1s represented as ordinate (vertical axis).

The passband of the optical band-pass filter 1s centred at
the nominal frequency 1,, which 1s a priori unknown and
which may vary as a function of the temperature. FIG. 2
shows a flat top 200 between the low cut-off frequency 1,—€
and the high cut-ofl frequency 1,+€, the width of the flat top
being equal to 2e. Between the low cut-off frequency 1,—€ e
and the high cut-ofl frequency 1,+€, 1t can be considered that
no attenuation occurs.

FIG. 2 shows a rising edge 201 for frequencies lower than
the low cut-off frequency f,-€ and a falling edge 202 for
frequencies higher than the high cut-off frequency 1,+€. For
tflat-top filters, the slopes of the rising edge and of the falling
edge are abrupt, which means that the attenuation may vary
from minimum to maximum within a short frequency range.
It 1s considered that a slope of the nising edge and of the
falling edge 1s abrupt when the absolute value of the slope
has a magnitude of at least 500 dB/nm.

Therefore, when a carrier frequency of an optical signal 1s
in the frequency range of the tlat-top 200, no attenuation of
the signal occurs. But when the carrier frequency of the
optical signal 1s close to the low cut-ofl frequency 1,—€ or to
the high cut-off frequency f,+e, a slight variation of tem-
perature may 1mply a slight frequency shift, which then may
imply a significant change 1n the attenuation of the optical
signal.

FIG. 3 schematically represents an architecture of the
device including the monitoring device.

The monitoring device includes a controller module 301,
a detuning determining module 302, a decoding margin
estimating module 303 and a bit distance analysing module
305.

The controller module 301 1s adapted to receive via a link
310 detuning information AA from the detuning determining
module 302, which may be built on the basis of at least one

look-up table (LUT).
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The controller module 301 is further adapted to receive
via a link 311 decoding margin information from the decod-
ing margin estimating module 303.

The controller module 301 1s further adapted to transmait
wavelength adjusting commands to the first device, mstruct-
ing the first device to adjust accordingly the configuration of
the optical transmission interface of the first device, as
detailed hereafter with regard to FIG. 9. The controller
module 301 1s further adapted to generate the wavelength
adjusting commands, on the basis of the detuning informa-
tion AA provided by the detuning determining module 302.

The controller module 301 may be further adapted to
transmit, via a link 313, refreshing period adjusting com-
mands to the bit distance analysing module 305, instructing,
the bit distance analysing module 305 to adjust accordingly
a refreshing time period which defines the time period
between two successive analysis by the bit distance analy-
sing module 305 of a difference level Adec between code-
words transmitted by the first device and corresponding
codewords eflectively received by the second device. The
controller module 301 i1s further adapted to generate the
refreshing period adjusting commands, on the basis of the
decoding margin nformation provided by the decoding
margin estimating module 303.

The bit distance analysing module 305 1s adapted to
receive, via a link 321, information representative, for
codewords received by the second device from the first
device, of the diflerence level Adec between said codewords
as transmitted by the first device and the corresponding
codewords as eflectively recerved by the second device.

The difference level Adec 1s for 1nstance expressed as an
Euclidian distance between the transmitted codeword and
the recerved codeword. Results of soit decoding can be used
to do so. The diflerence level Adec may also be expressed as
a bit error rate (BER), or as any metric representative of the
dificulty encountered by the second device to recover the
transmitted codewords.

For the sake of simplicity, the analysis of the difference
level Adec 1s called herein bit distance analysis, although the
monitoring device may process another metric representa-
tive of the difficulty encountered by the second device to
recover the transmitted codewords than the bit distance.

In a preferred embodiment, the first and second devices
implement Forward Error Correction (FEC), for instance
using a Reed-Solomon error-correcting code or a Low-
Density Parity-Check (LDPC) code. The difference level
Adec 1s thus representative of the difference magnitude
between codewords received by the second device and the
corresponding codewords decoded by the second device
thanks to the FEC code. It 1s a representation of the
reliability of the received codewords.

In another embodiment, the first device transmits to the
second device predefined codewords known by the second
device, for 1nstance 1n a predefined time period that may be
part of a periodic frame. Therefore, without implementing,
solt-coding, the second device 1s able to determine infor-
mation representative of the difference level between the
expected codewords and the effectively received codewords,
whichever said information is a bit error rate or an Euclidian
distance between the transmitted codeword and the received
codeword, or any metric representative of the difliculty
encountered by the second device to recover the transmitted
codewords.

The information representative of the difference level
Adec 1s provided by the second device via the link 321,
preferably when FEC-decoding of the codewords to which
said difference level Adec refers. The information represen-
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tative of the difference level Adec may be determined once
the FEC-decoding 1s performed, or be based on intermediary
results of the FEC-decoding with a confidence level.

The bit distance analysing module 303 1s further adapted
to analyse the received difference level Adec, as detailed
hereafter with regard to FIGS. 6 and 7. The bit distance
analysing module 303 1s further adapted to provide, to the
detuning determining module 302 via a link 313, informa-
tion representative of an accumulated amount of variation
Aacc of the difference level Adec, resulting from the analysis
of the received difference level Adec. The bit distance
analysing module 3035 1s further adapted to provide, to the
decoding margin estimating module 303 via a link 314,
information representative of the received difference level
Adec over a predetermined integration period. The bit dis-
tance analysing module 305 may further be adapted to
receive refreshing period adjusting commands from the
controller module 301 and to accordingly adjust the afore-
mentioned refreshing time period, as detailed hereafter with
regard to FIG. 8.

The detuning determining module 302 1s adapted to
determine a correspondence between the mnformation repre-
sentative of the accumulated amount of variation Aacc of the
difference level Adec, as provided by the bit distance analy-
sing module 305, and the aforementioned detuming infor-
mation AA to be provided by the detuning determining
module 302 to the controller module 301.

The decoding margin estimating module 303 1s adapted to
determine whether the information representative of the
received difference level Adec over the predetermined inte-
gration period, as provided by the bit distance analysing
module 305, indicates that the second device 1s about to
reach a decoding limit Tdec, which corresponds to the
maximum difference level beyond which the second device
1s unable to recover the codewords as transmitted by the first
device. The decoding margin estimating module 303 1is
turther adapted to accordingly provide the alforementioned
decoding margin mnformation to the controller module 301.

The monitoring device may further include a signal shape
analysing module 304, which 1s 1n charge of populating, via
a link 312, the correspondence mformation in the detuning
determining module 302, e¢.g. populating beforechand the
LUT. The signal shape analysing module 304 1s adapted to
analyse shapes of received optical signals in order to esti-
mate correspondence information between detuning magni-
tude and the difference level Adec between expected code-
words and eflectively received codewords. The signal shape
analysing module 304 1s adapted to receive signal shape
information via a link 320, as well as information represen-
tative ol said difference level Adec for the codewords
corresponding to said signal shape.

The signal shape analysing module 304 may be replaced
by an attenuation analysing module adapted to analyse
optical signal attenuation during wavelength scanning
operations, as detailed hereafter with regard to FIG. 12, 1n
order to estimate correspondence information between
detuning magnitude and the difference level Adec between
expected codewords and eflectively received codewords.
The attenuation analysing module 1s adapted to receive
signal strength measurements information via the link 320,
as well as information representative of said difference level
Adec for the codewords corresponding to said signal
strength measurements.

FIG. 4 schematically represents a hardware platform of
the device including the monitoring device. For instance, 1t
1s considered that the master device 110 includes the moni-
toring device.
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According to the shown hardware platform, the master
device 110 comprises the following components intercon-
nected by a communications bus 410: a processor, micro-
processor, microcontroller or CPU (Central Processing Unit)
400; a RAM (Random-Access Memory) 401; a ROM (Read-
Only Memory) 402; a device 403 adapted to read informa-
tion stored on storage means; a {irst communication inter-
tace 404, aiming at being connected to the spectral splitter
device 120 for transmitting and receirving optical signals;
and, a second communication interface 405, aiming at being
connected to the core or metropolitan network.

CPU 400 1s capable of executing instructions loaded 1nto
RAM 401 from ROM 402 or from any other storage means.
After the master device 110 has been powered on, CPU 400
1s capable of reading instructions from RAM 401 and
executing these instructions. The instructions form one
computer program that causes CPU 400 to perform some or
all of the steps of the algorithms described hereafter, and/or
to 1mplement the modules described hereinbefore with
regard to FIG. 3.

It can be noted that the slave devices 141, 142, 143 may
also be implemented on the basis of the hardware platiform
schematically shown on FIG. 4, except that the communi-
cation interfaces are adapted to allow the concerned slave
device to communicate with the relevant devices of the
passive optical network 100.

Any and all steps of the algorithms described herein, as
well as the architecture shown on FIG. 3, may be imple-
mented 1n software by execution of a set of instructions or
program by a programmable computing machine, such as a
DSP (Digital Signal Processor) or a microcontroller; or else
be implemented 1n hardware by a machine or a dedicated
component, such as an FPGA (Field-Programmable Gate
Array) or an ASIC (Application-Specific Integrated Circuit).

FIG. 5 schematically represents an algorithm for deter-
mimng whether the configuration of the optical transmission
interface of the first device has to be adjusted due to a
temperature change.

In order to determine whether there 1s a mismatch
between the carrier wavelength used by the first device to
transmit optical signals to the second device and the pass-
band of the optical band-pass filter present between the first
device and the second device, the monitoring device moni-
tors, 1n a step S510, the evolution of the difference level
Adec between codewords recerved by the second device via
said optical signals and corresponding codewords transmit-
ted by the first device. Then, 1n a step S520, the monitoring,
device determines whether the configuration of the optical
transmission interface of the first device has to be adjusted,
on the basis of said monitoring.

FIG. 5 shows a detailed embodiment of the steps S510
and S520. More particularly, when the optical path between
the first and second devices 1s subject to impairments, the
monitoring device discriminates a part of the difference level
Adec evolution due to temperature variations and a part of
the difference level Adec evolution due to said impairments.
Indeed, 1n case of such impairments, the contribution of said
impairments in the evolution of said difference level Adec
shall not be confused with the contribution of the mismatch
between the carrier wavelength and the passband of the
optical band-pass filter 1n the evolution of said diflerence
level Adec, since adjusting the carrier wavelength would not
help resolving decoding 1ssues related to such impairments.

In a step S301, the monitoring device obtains, from the
second device, mformation representative of a difference
level Adec between codewords as transmitted by the first
device and corresponding codewords as etlectively received
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by the second device. The monitoring device thus obtains
said information representative of a difference level Adec for
plural codewords received by the second device.

In a following step S502, the momtoring device inte-
grates, over a predetermined integration period, said infor-
mation representative of a difference level Adec. Said pre-
determined integration period 1s herein simply called
integration period. In other words, the monitoring device
obtains a mean difference level from the recerved informa-
tion representative ol the diference level Adec for said
plural codewords. The 1ntegration period may be a default
value, for imnstance empirically defined, or defined according
to the modulation scheme used for the optical transmissions
from the first device to the second device, from which the
codewords related to the integrated information are 1ssued.

In a following step S503, the monitoring device extracts
a continuous and monotonic evolution of the difference level
Adec over plural integration periods. In other words, the
monitoring device removes discontinuities in the evolution
of the difference level Adec. Indeed, when the temperature
evolves and modifies the matching of the configuration of
the optical transmission interface of the first device with the
passband of the optical band-pass filter placed between the
first device and the second device, the evolution of the
impact of this temperature change on the difference level
Adec 15 expected to be continuous and monotonic. On the
contrary, sudden impairments are expected to show discon-
tinuities in the evolution of the difference level Adec. The
extracted continuous and monotonic evolution of the differ-
ence level Adec over plural integration periods 1s therefore
representative of the possible mismatch, due to a tempera-
ture change, between the configuration of the optical trans-
mission interface of the first device and the passband of said
optical bandpass filter. The extraction of said continuous and
monotonic evolution of the difference level Adec ends the
step S310.

In a following step S504, the monitoring device checks
whether the extracted evolution of the difference level Adec
1s acceptable according to at least one predefined criteria.
Such a predefined criteria 1s for example, when said evolu-
tion 1s representative of a stable, or improving, difference
level Adec, for the monitoring device to consider that the
extracted evolution of the difference level Adec 1s accept-
able. Fulfillment of such a criteria may be evaluated using
the dertvative according to time of the difference level Adec.
According to another example, such a predefined criteria 1s,
when an accumulated difference level Aacc 1s above a
certain threshold, for the monitoring device to consider that
the extracted evolution of the difference level Adec 1s not
acceptable. Such an accumulated difference level Aacc 1s
detailed hereafter with regard to FIGS. 7 and 9. According
to another example, such a criteria 1s when the evolution of
the difference level Adec shows a change greater than the
tuning granularity of the carrnier wavelength by the optical
transmission interface of the first device.

When the monitoring device considers that the extracted
evolution of the difference level Adec i1s acceptable, a step
S505 1s performed; otherwise, a step S506 1s performed.

In the step S305, the monitoring device determines that
the configuration of the optical transmission interface of the
first device doesn’t need to be adjusted.

In the step S3506, the monitoring device determines that
the configuration of the optical transmission interface of the
first device needs to be adjusted. The monitoring device may
determine the extent to which the configuration of the
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optical transmission interface of the first device needs to be
adjusted thanks to the aforementioned accumulated difler-
ence level Aacc.

Following the step S3506, the monitoring device instructs
the first device to adjust the configuration of its optical
transmission interface. This aspect 1s detailed hereafter with
regard to FIG. 9. When the monitoring device instructs the
first device to eflectively adjust the configuration of 1its
optical transmission interface, the monitoring device 1is
referred herein to as configuring device.

A detailed implementation of at least one embodiment of
the aforementioned monitoring step 1s provided hereafter
with regard to FIGS. 6 to 9.

FIG. 6 schematically represents an algorithm for process-
ing the information representative of the difference level
Adec between expected codewords and codewords eflec-
tively received by the second device.

In a step S601, the monitoring device obtains, from the
second device, mformation representative of a difference
level Adec between codewords as transmitted by the first
device and corresponding codewords as etlectively received
by the second device. The monitoring device thus obtains
said information representative of a difference level Adec for
plural codewords received by the second device. The step
S601 corresponds to the already-described step S501.

In a following step S602, the monitoring device inte-
grates, over a predetermined integration period, said infor-
mation representative of a diflerence level Adec. The step
S602 corresponds to the already-described step S502. For
the sake of simplicity, the result of the integration over the
predetermined period 1 1s denoted RIW(1), wherein 1 1s a
positive integer index.

In a following step S603, the monitoring device checks
whether a refreshing time period, denoted PIW, has elapsed.
The refreshing time period PIW may be adjusted, as detailed
hereafter with regard to FIG. 8. The refreshing time period
corresponds to the time period between two successive
collections of the information representative of the difler-
ence level Adec between expected codewords and code-
words eflectively received by the second device.

When the refreshing time period has not elapsed, the step
S603 1s repeated; otherwise, the step S601 1s repeated and
the monitoring device collects new information representa-
tive of the difference level Adec between expected code-
words and codewords eflectively received by the second
device, and a new integration 1s subsequently performed.

Therefore, the algorithm of FIG. 6 aims at obtaining from
the second device the necessary information, and further
formatting or pre-processing said necessary information, for
performing the bit distance analysis. In the context of the
architecture shown on FIG. 3, the algorithm of FIG. 6 is
performed by the bit distance analysing module 305.

FI1G. 7 schematically represents an algorithm for perform-
ing the bit distance analysis.

In a step S701, the monitoring device obtains integrated
information RIW(1-1) and RIW(1) for two successive inte-
gration periods, as already detailed with regard to FIG. 6.

In a following step S702, the monitoring device deter-
mines a value DI as follows:

DI=(RIW(E)-RIW(i- 1))/ PIW

The value DI is representative of whether a discontinuity
occurred in the evolution of the difference level Adec
between expected codewords and codewords eflectively
received by the second device.

In a following step S703, the monitoring device checks
whether the absolute value of DI 1s greater than a predeter-
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mined threshold DIW. The predetermined threshold DIW
may be empirically defined or set at a default value that
depends on the modulation scheme used for the optical
transmissions from the first device to the second device,
from which the codewords related to the itegrated infor-
mation RIW(1) are 1ssued.

When the absolute value of DI 1s greater than the prede-
termined threshold DIW, which means that a discontinuity 1s
detected 1n the evolution of the difference level Adec, the
step S701 1s repeated; otherwise, a step S704 1s performed.

It has to be noticed that, when the refreshing period PIW
1s fixed, the value DI may be determined as follows:

DI=RIW(i)-RIW(i-1)

In this case, the value of the predetermined threshold DIW
1s set 1n accordance.

In the step S704, the monitoring device updates an
accumulated amount of variation Aacc corresponding to the
variation of the difference level Adec for what concerns the
contribution of the temperature change. For the first inte-
grated information RIW(0), the accumulated amount of
variation Aacc 1s set to 0. The accumulated amount of
variation Aacc 1s updated by adding the signed result of the
subtraction RIW(1)-RIW(i1-1) to the previous value of Aacc.

In a following step S703, the monitoring device provides
the integrated information RIW(1) for determining the
already-mentioned decoding margin information. The moni-
toring device further provides the accumulated amount of
variation Aacc for determining the already-mentioned detun-
ing information AA.

Therefore, the algorithm of FIG. 7 aims at performing the
bit distance analysis, and in this context, removing the
discontinuities observed 1n the evolution of the difference
level Adec between expected codewords and codewords
ellectively received by the second device. In the context of
the architecture shown on FIG. 3, the algorithm of FIG. 7 1s
performed by the bit distance analysing module 305, which
provides the accumulated amount of variation Aacc to the
detuning determining module 302 and which provides the
integrated information RIW(1) to the decoding margin esti-
mating module 303.

FIG. 8 schematically represents an algorithm for adjusting
the refreshing time period. As already mentioned, the
refreshing time period may be fixed or may be adjusted.

In a step S801, the monitoring device obtains an estimated
decoding margin D from the integrated information RIW(1)
and from the already-mentioned decoding limit Tdec. The
decoding limit Tdec may be empirically defined, or defined
according to the decoding scheme used 1n the optical trans-
missions, from the first device to the second device, from
which the codewords related to the integrated information
RIW(1) are 1ssued. The decoding margin D corresponds to
the difference between the integrated information RIW(1)
and the decoding limit Tdec.

In the context of the architecture shown on FIG. 3, the
decoding margin D 1s estimated by the decoding margin
estimating module 303 and further provided by the decoding
margin estimating module 303 to the controller module 301.

In a following step S802, the monitoring device checks
whether the decoding margin D 1s greater than a predeter-
mined threshold TdecM. When the decoding margin D 1s
greater than the predetermined threshold TdecM, the step
S801 1s repeated; otherwise, a step S803 15 performed.

In the step S803, the monitoring device temporarily
decreases the refreshing time period PIW. The step S801 1s
then repeated.
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Therelfore, the algorithm of FIG. 8 aims at adapting the
reactivity of the carrier wavelength adjustments in view of
the remaining margin for the second device compared to the
decoding capability of the second device. It allows defining
a tradeofl between reactivity and power consumption. In the
context of the architecture shown on FIG. 3, the algorithm
of FIG. 8 1s performed by the controller module 301, which
provides refreshing period adjusting commands to the bit
distance analysing module 303.

FI1G. 9 schematically represents an algorithm for mstruct-
ing the first device to adjust the configuration of the optical
transmission interface of said first device.

In a step S901, the monitoring device obtains the afore-
mentioned accumulated amount of variations Aacc.

In the context of the architecture shown on FIG. 3, the
alorementioned accumulated amount of variations Aacc 1s
determined by the detuning determining module 302 and
turther provided by the detuning determining module 302 to
the controller module 301.

In a following step S902, the monitoring device obtains
the already-mentioned detuning information AA from the
obtained accumulated amount of variations Aacc and from
information of correspondence between a set of detuning
information and a set of respective accumulated amount of
variations. As already mentioned, said correspondence
between a set of detuning information and a set of respective
accumulated amount of variations may be implemented 1n a
LUT, and such a LUT may be populated as detailed hereatter
with regard to FIGS. 10 and 11 1n a first embodiment, or with
regard to FIGS. 12, 13A and 13B 1n a second embodiment.

In a following step S903, the monitoring device checks
whether the detuming information AA 1s greater than a
predetermined threshold TI.

The predetermined threshold T1 may be a default value,
for mstance empirically defined, or defined according to the
modulation scheme and/or the FEC scheme used for the
optical transmissions from the first device to the second
device, from which the codewords related to the obtained
accumulated amount of variations Aacc are 1ssued.

When the detuning information AA, 1s greater than the
predetermined threshold TI, a step S904 1s performed;
otherwise, the step S901 1s repeated.

In the step S904, the monitoring device transmits to the
first device at least one wavelength adjusting command. The
first device consequently adjusts the configuration of the
optical transmission interface of said first device. The carrier
wavelength used in the optical transmissions from the first
device to the second device 1s therefore modified.

As the monitoring device may not be aware whether the
carrier wavelength should be increased or decreased, the
monitoring device may indicate a default direction 1n which
the carrier frequency should be tuned. Then, once the first
device has modified the configuration of 1ts optical trans-
mission interface, the monitoring device checks whether the
subsequent evolution of the difference level Adec shows an
adjustment 1n the appropriate direction. If not, the monitor-
ing device instructs the first device to adjust the configura-
tion of 1its optical transmission ntertace in the other direc-
tion. This aspect 1s detailed hereafter with regard to steps
S905 and S906.

In the step S905, the monitoring device checks whether
the transmitted wavelength adjusting command(s) impacted
the evolution of the difference level Adec in the night
direction. When the transmitted wavelength adjusting com-
mand(s) impacted the evolution of the difference level Adec
in the right direction, the step S901 1s repeated; otherwise,
the step S906 1s performed.
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In the step S906, the monitoring device transmits to the
first device at least one mverse wavelength adjusting com-
mand, aiming at cancelling the impact of the wavelength
adjusting command(s) transmitted 1n the step S904 and at
further adjusting the carrier wavelength according to the
detuning information AA.

In a particular embodiment, when the monitoring device
1s not aware whether the carrier wavelength should be
increased or decreased, the monitoring device requests
firstly a partial adjustment of the configuration of the optical
transmission interface of the first device. Then, according to
the subsequent evolution of the difference level Adec, the
monitoring device requests a complete adjustment of the
configuration of the optical transmission interface of the first
device, or a corrected adjustment of the configuration of the
optical transmission interface of the first device 1n the other
direction.

Therefore, the algorithm of FIG. 9 aims at requesting the
first device to adapt 1ts optical transmission interface so that
the carrier wavelength better matches the passband of the
optical band-pass filter present on the optical path from the
first device to the second device. The evolution of the
difference level Adec between expected codewords and
ellectively recerved codewords allows deriving the detuning
information AA. In the context of the architecture shown on
FIG. 3, the algorithm of

FIG. 9 1s performed by the controller module 301, which
provides wavelength adjusting commands to the first device.

FIG. 10 schematically represents signal temporal shapes
of an impulse response of the optical band-pass filter present
on the optical path from the first device to the second device.
Time 1s represented as abscissa (horizontal axis) and signal
strength 1s represented as ordinate (vertical axis).

Let’s consider an optical band-pass filter having the
following characteristics: an attenuation of 0.1 dB at 10
(GHz, an attenuation of 3 dB at 7.5 GHz and 12.5 GHz, and
slopes of 850 dB/nm beyond these values.

The shape 1010 represents the signal temporal shape of
the impulse response of the optical band-pass filter, when the
carrier frequency of the optical signal matches the nominal
frequency 1, of the optical band-pass filter. The shape 1010
shows an extreme around 0.2 ns from the beginning of the
reception of the symbol.

The shape 1020 represents the signal temporal shape of
the impulse response of the optical band-pass filter, when the
frequency shift between the carrier frequency of the optical
signal and the nominal frequency 1, of the optical band-pass
filter equals to 2 GHz. The shape 1020 shows an extreme
around 0.3 ns from the beginning of the reception of the
symbol.

The shape 1030 represents the signal temporal shape of
the impulse response of the optical band-pass filter, when the
frequency shift between the carrier frequency of the optical
signal and the nominal frequency 1, of the optical band-pass
filter equals to 4 GHz. The shape 1030 shows an extreme
around 0.35 ns from the beginning of the reception of the
symbol.

The shape 1040 represents the signal temporal shape of
the impulse response of the optical band-pass filter, when the
frequency shift between the carrier frequency of the optical
signal and the nominal frequency 1, of the optical band-pass
filter equals to 6 GHz. The shape 1040 shows an extreme
around 0.4 ns from the beginning of the reception of the
symbol.

The shapes 1010, 1020, 1030 and 1040 show extremes,
which are maximum signal strength, around respectively 0.3
ns, 0.35 ns and 0.4 ns. Other shapes may be obtained, for
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instance according to the wavetorm of the signal transmitted
via the optical band-pass filter.

Such shapes may present more extremes, also referred to
as local extremes, as shown for instance in shapes 1030 and
1040.

It can then be understood that the signal temporal shape
vartes with the frequency detuning between the carrier
frequency of the optical signal and the nominal frequency 1,
of the optical band-pass filter.

FIG. 11 schematically represents a first algorithm for
determining correspondence information between the wave-
length detuming information AA, and the difference level
Adec between expected codewords and eflfectively received
codewords.

In a step S1101, the monitoring device obtains, from the
second device, information representative of signal shape of
codewords received by the second device from the first
device via the optical band-pass filter.

In one embodiment, the monitoring device obtains mea-
surements of the signal strength of the optical signal,
received by the second device, from the first device via the
optical band-pass filter, at plural instants 1n the duration of
the considered symbol.

In order to obtain measurements of the signal strength at
plural instants 1n the duration of the symbol, the second
device performs oversampling.

In a vanant, the first device successively transmits to the
second device plural copies of the symbol, each copy being
delayed from the preceding copy by a submultiple of the
symbol duration. This delay can be achieved by using delay
lines. Then, the second device performs sampling of the
plural copies and the second device performs one measure-
ment of signal strength for each copy of the symbol,
according to 1ts sampling Irequency. According to this
arrangement, the time period between the beginming of the
transmission of a copy and the beginning of the transmission
of the immediately following copy equals to a symbol
duration increased by said submultiple of the symbol dura-
tion. Theretfore, the second device samples the copies of a
same symbol at different instants and therefore catches the
signal strength at different instants, which allows obtaining
a discrete view of the signal temporal shape for the symbol
without using oversampling. The second device then gen-
crates information representative of the signal temporal
shape from the sampling of the plural copies.

In another variant, the first device successively transmits
to the second device plural copies of the symbol. Then, the
second device performs sampling of the plural copies, each
sampling operation for one copy being delayed compared to
the sampling operation of a preceding copy by a submultiple
of the symbol duration. This delay can be achieved by using
delay lines. According to this arrangement too, the second
device samples the copies of a same symbol at different
instants and therefore catches the signal strength at different
instants, which allows obtaining a discrete view of the signal
temporal shape for the symbol without using oversampling.
The second device then generates information representative
of the signal temporal shape from the sampling of the plural
copies

In a following step S1102, the monitoring device obtains
the detuning information AA from the obtained information
representative of signal shape of codewords received by the
second device from the first device via the optical bandpass
filter. To achieve this, the monitoring device compares the
signal temporal shape with a set of predefined signal tem-
poral shapes. In other words, using the illustrative example
of FIG. 10, the monitoring device has at 1ts disposal infor-
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mation representative of various candidate signal temporal
shapes corresponding to the shapes 1010, 1020, 1030, 1040,
which may be observed by the second device when receiv-
ing a symbol. Codewords being constituted by a plurality of
symbols, the monitoring device may perform the compari-
son for one symbol among the symbols constituting the
considered codeword, or may perform the comparison for
plural symbols (potentially all) of the considered codeword
and derives a trend for said plural symbols. In a variant, the
signal temporal shaping analysis 1s performed on the basis of
a dedicated sequence, such as a tramning sequence or a
preamble, and the information representative of a difference
level Adec 1s determined on the basis of codewords trans-
mitted consecutively to, or beforechand, said dedicated
sequence. In such a case, the time difference between the
dedicated sequence and said codewords 1s short enough to
consider that the wavelength detuning has not changed in the
meantime. For instance, the wavelength detuning can be
considered as stable within 1 us.

The imnformation representative of the various candidate
signal temporal shapes are actually representative of a
convolution of the temporal shape of the impulse response
of the optical band-pass filter shown in FIG. 10 with the
wavelorm actually used by the first device to transmit the
optical signals to the second device.

The monitoring device determines which predefined can-
didate shape best matches the actual shape of the received
symbols. As shown in FIG. 10, knowing the signal temporal
shape for the received symbol, the Ifrequency detuning
between the nominal wavelength of the optical band-pass
filter and the actual carrnier wavelength of the optical signal
transmitted by the first device to the second device may be
deduced. Such candidate shapes are for instance patterns
stored mm a LUT 1n correspondence with the frequency
detuning between said nominal wavelength and said carrier
wavelength.

Selecting the predefined candidate shape that provides the
best match 1s for mnstance performed as follows. The moni-
toring device having values of the actual signal strength at
predefined time intervals in the symbol duration, the moni-
toring device compares the actual signal strength for one
interval with the signal strength estimated for the candidate
shapes for the same interval. The monitoring device then
selects the subset of candidate shapes for which the esti-
mated signal strength value matches the actual signal
strength for this interval, and reiterates the selection process
for another interval for the selected candidate shapes, until
only one candidate shape remains.

Selecting the predefined candidate shape that provides the
best match may also be performed by comparing local
extremes or inilection points of the actual signal shape with
local extremes or intlection points of the candidate shapes.

In a following step S1103, the monitoring device obtains,
from the second device, information representative of a
difference level Adec between codewords as transmitted by
the first device and corresponding codewords, as effectively
received by the second device and for which the signal shape
information has been obtained 1n the step S1101. For syn-
chronicity considerations, the step S1103 1s preferably per-
formed 1n parallel to the step S1101, or that the information
obtained 1n, the step S1101 and the information obtained 1n
the step S1103 are associated with each other.

In a following step S1104, the momitoring device provides
correspondence information between the detuning informa-
tion AA and the difference level Adec between expected
codewords and eflectively recetved codewords. Once the
correspondence 1s established (for instance in a preliminary
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phase), then the monitoring device 1s able to later on perform
the necessary carrier wavelength adjustments without analy-
sing the signal shape.

In the context of the architecture shown on FIG. 3, the
algorithm of FIG. 11 1s performed by the signal shape
analysing module 304, which provides the correspondence
information to the detuming determining module 302. The
algorithm of FIG. 11 1s thus particularly adapted for filling
in the already-mentioned LUT of the detuning determining
module 302.

FIG. 12 schematically represents a second algorithm for
determining correspondence information between the wave-
length detuning information AA and the difference level
Adec between expected codewords and eflfectively received
codewords. The algorithm of FIG. 12 1s an alternative to the
algorithm of FIG. 11.

In a step S1201, the monitoring device obtains, from the
second device, results of at least one wavelength scanning
operation. The wavelength scanning operation consists 1n
the first device transmitting codewords to the second device
via the optical band-pass filter for various carrier wave-
lengths. For instance, the set of scanned carrier wavelengths
1s a prior1 known by the monitoring device, or provided by
the first device directly or indirectly to the monitoring
device. As already mentioned, eflective carrier wavelengths
may not be known and only information representative of
said carrier wavelengths 1s used, such as configuration
parameters of the optical transmission interface of the first
device. The second device performs signal strength mea-
surements of the received codewords. In other words, the
second device obtains attenuation measurements for the
various scanned carrier wavelengths and provides said mea-
surements, or information representative thereol, to the
monitoring device. An 1llustrative example of said measure-
ments 1s shown 1n FIG. 13A. In FIG. 13A, each measure-
ment 1s represented by a cross (x), wherein frequency 1s
represented as abscissa (horizontal axis) and measured sig-
nal strength (denoted S on FIG. 13A) i1s represented as
ordinate (vertical axis).

The wavelength scanning operation may be reiterated to
obtain plural measurements per value of carrier wavelength,
which would define a range of measured attenuation values
per value of carrier wavelength.

In a following step S1202, the monitoring device adjusts
a predefined attenuation model of the optical band-pass filter
onto the results of the wavelength scanning operation(s). In
other words, the monitoring device tries to match the pre-
defined attenuation model of the optical band-pass filter onto
the results of the wavelength scanning operation(s).

It has to be noticed that the passband value of the optical
band-pass filter (width 2e when referring to FIG. 2) 1s
typically independent of the temperature vaniations. There-
tore, the global shape of the attenuation model (as shown on
FIG. 2) of the optical band-pass filter may be a priori known,
although the nominal wavelength 1, of the passband 1s a
prior1 unknown. An illustrative example 1s shown 1n FIG.
13B, on the basis of the measurements shown 1n FIG. 13A.
The nominal wavelength 1,, or the corresponding configu-
ration of the optical transmission interface of the first device,
can therefore be determined, e¢.g. estimated by 1nterpolation
if necessary, by the monitoring device.

In a following step S1203, the monitoring device obtains,
from the second device, information representative of a
difference level Adec between codewords as transmitted by
the first device and corresponding codewords, as eflectively
received by the second device and for which the measure-
ments, or information representative thereof, has been
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obtained 1n the step S1201. For synchronicity consider-
ations, the step S1203 1s preferably performed 1n parallel to
the step S1201, or that the information obtained in the step
S1201 and the information obtained in the step S1203 are
associated with each other.

In a following step S1204, the monitoring device provides
correspondence information between the detuning informa-
tion AA and the difference level Adec between expected
codewords and eflectively received codewords. The detun-
ing mformation A, corresponds to the difference between
the nominal wavelength 1, of the passband and the carrier
wavelength corresponding to the considered difference level
Adec. Once the correspondence 1s established (for instance
in a preliminary phase), then the monitoring device 1s able
to later on perform the necessary carrier wavelength adjust-
ments without having to perform again wavelengths scan-
ning.

In the context of the architecture shown on FIG. 3, the
algorithm of FI1G. 12 1s performed by the already-mentioned
attenuation analysing module, which 1s adapted to provide
the correspondence information to the detuning determining
module 302. The algorithm of FIG. 12 1s thus particularly
adapted for filling in the already-mentioned LUT of the
detuning determining module 302.

The mvention claimed 1s:

1. A method for determining whether a configuration of an
optical transmission interface of a first device has to be
adjusted for transmitting optical signals to a second device
via an optical band-pass filter, the second device having an
optical reception interface configured to enable receiving
optical signals output by said optical band-pass filter and
transmitted by the first device on a carrier wavelength when
said carrier wavelength 1s comprised in the passband of the
optical band-pass filter, said carrier wavelength and/or said
passband of the optical band-pass filter being a priori
unknown, the method comprising:

monitoring an evolution of a difference level between

codewords received by the second device via said
optical signals and corresponding codewords transmit-
ted by the first device; and

determiming whether the configuration of the optical

transmission interface of the first device has to be

adjusted regarding said carrier wavelength so as to

match the passband of the optical band-pass filter, on

the basis of said monitoring;

detecting discontinuities 1n the evolution of the differ-
ence level between said codewords received by the
second device and said corresponding codewords
transmitted by the first device; and

extracting a continuous and monotonic evolution of
said difference level by removing said discontinui-
ties.

2. The method according to claim 1, the method turther
comprising:

obtaining a first difference level between first codewords

received by the second device and corresponding first
codewords transmitted by the first device;

obtaining a second diflerence level between second code-

words received by the second device and corresponding
second codewords transmitted by the first device; and
detecting one said discontinuity when a difference
between said first difference level and said second
difference level 1s greater than a first threshold.

3. The method according to claim 2, wherein said first and
second difference levels respectively correspond to plural
difference levels, between codewords received by the sec-
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ond device and corresponding codewords transmitted by the
first device, integrated over an integration period.

4. The method according to claim 2, wherein the first and
second devices implementing a forward error correction
scheme, a refreshing period separating the obtaining of said
first difference level and the obtaining of said second dii-
terence level, the monmtoring device temporarily reduces
said refreshing period, when a difference between the second
difference level and a decoding limit, which corresponds to
the maximum difference level beyond which the second
device 1s unable to recover codewords as transmitted by the
first device according to the forward error correction
scheme, 1s below than a second threshold.

5. A method for determining whether a configuration of an
optical transmission interface of a first device has to be
adjusted for transmitting optical signals to a second device
via an optical band-pass filter, the second device having an
optical reception interface configured to enable receiving
optical signals output by said optical band-pass filter and
transmitted by the first device on a carrier wavelength when
said carrier wavelength 1s comprised 1n the passband of the
optical band-pass filter, said carrier wavelength and/or said
passband of the optical band-pass filter being a priori
unknown, the method comprising:

monitoring an evolution of a difference level between

codewords received by the second device via said
optical signals and corresponding codewords transmiut-
ted by the first device;

determining whether the configuration of the optical

transmission interface of the first device has to be
adjusted regarding said carrier wavelength so as to
match the passband of the optical band-pass filter, on
the basis of said monitoring;

determining an accumulated amount of variation of the

difference level; and

determining detuning information representative ol a mis-

match between the carrier wavelength and the passband
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of the optical band-pass filter, on the basis of said
accumulated amount of vanation and of a list of
correspondence between detuning information and
respective accumulated amounts of variation of the
difference level,

wherein the monitoring device determines beforehand

said list of correspondence between detuning informa-
tion and respective accumulated amounts of variation
of the difference level by analysing signal temporal
shapes of codeword symbols received by the second
device from the first device via the optical band-pass
filter.

6. The method according to claim 5, wherein the moni-
toring device compares said signal temporal shapes with
information representative of a set of predefined signal
temporal shapes.

7. The method according to claim 3, wherein the moni-
toring device determines beforehand said list of correspon-
dence between detuning information and respective accu-
mulated amounts of variation of the difference level by:

obtaining information representative of signal strength

measurements for codewords received by the second
device from the first device via the optical band-pass
filter, for various carrier wavelengths;

obtaining information representative ol the difference

level between said codewords and expected code-
words;

trying to match a predefined attenuation model of the

optical band-pass filter onto the signal strength mea-
surements; and

determining the list of correspondence between detuning

information and respective accumulated amounts of
variation of the difference level, on the basis of the
matched predefined attenuation model and the obtained
difference level between said codewords and expected
codewords.
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